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Basem.ent m embrane ch an ges in the epidermis and hair 
fo llicle apparatus resu lting from to pica l 9, lO-dimeth y lben z-
anthracen e appli ca tions were s tudied in mice, ra ts, and 
h amste rs b y li g ht and electron microscopy and usin g an-
tibodies to human collagen ty p e IV and laminin. The base-
ment m embran e was distin ct in epide rmal hyperpl asia, dys-
plasia, and papillom as, as well as around most of the 
keratoacanthomas and squamo us cell ca rcinomas, w hi ch 
showed basement m embrane irregul a rities, thi ck ening, and 
T· . he skin of an imals treated w ith percutaneo us appli-cations of ca rcinogens ex hibi ts mainl y epidermal al-terati ons , i.e. , dysplas ia, papi ll omas , and squamous cell ca rcinomas (1) . Adnexa l tum o rs are less frequent except for basa l cell ca rcinom as in rats (2). Other 
ty pes are even more rare in experim ental animals, e.g., chemica l 
carcinogen-induced sebaceous gland tum ors in rats [2] and UV 
radiation-induced hai r follicl e tum ors in hamsters [3). Except for 
the common adverse effe cts of ex tended exposu re to UV radi a-
tion, the skin is relatively resistent to environmenta l assa ults, with 
cutaneous abno rm alities seldom prog ress ing to malignan cy r 4), 
a lthough ca rcinogen penetration occurs through hair follicl es (5). 
T he basem ent membrane (BM) may be one of th e prime force s 
in preventing malignant prog ression [6J although its role in cu-
taneous neoplas tic progression remains largely unknown . 
BM are ubiquitous stru ctures fou nd at the interface of cells and 
connective ti ~s ll e m atrices (7), w here they are in volved in filtration 
(8), cell attachment [9], and ph ysica l support [7). The major co m-
ponents are co ll agenous, mainl y type I V co llagen. The BM also 
contains non co ll agenous g lyco proteins, inclu ding laminin [1 0], 
en tac tin [6), and heparan sul fate pro teoglycan [6]. Mo rphologi-
cally, the BM is amorphous in appearance in light mi croscopy, 
s taining with sil ver stains, and is peri odi c acid-Schiff (PAS)-pos-
itive [4] . Ultrastru ctural studies [11] have shown that BMs consist 
of 2 layers : th e lam ina densa, an electron-dense stru cture, and the 
lamina lucida, or lamina rara, w hi ch separates the lamina densa 
from the epidermis. 
The skin offers a unique opportunity to re late gross, cl ini cal, 
and morphologic features of a wide spectrum ofl esions to specific 
entities such as the BM. T he purpose of the present work was 
to determine the occurrence of laminin and coll agen type IV in 
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EM: electron microscopy 
TPA: phorbol J11 yristate aceta te 
PAS: periodic acid-Schiff 
redupli ca ti o n in some a reas . The in vading ed ges of the 
sq uam ous cell carcino m as w ith inAammatory infiltrates were 
d evoid of laminin and coll agen . Colbgen IV and la minin-
positive structures were o bserved around preserved fo lli c-
ula r structures in ra t: hai r nevi and h air-follicle n ev i, but 
par tl y ab sent around tri choepithelio m as and tri ch o fo l-
liculo m as. Basal cell tumo rs were u su a ll y surro unded b y 
a dis tin ct basem ent m embrane, w hi ch w as lacking a ro und 
some tumor cell s. J In vest D elmaloJ 87: 185-189, 1986 
experimentall y induced skin tumors and th e structure of the BM 
by ultras tru ctural methods and histo logic studies and to determin e 
the biologic and m orphologic signifi cance of alterations in loca-
tion and intensity. 
MATERIALS AND METH ODS 
Specimens from 20 Swiss mi ce as well as from 10 Sprague-Daw-
ley and 10 N MR strain rats and 5 Syrian go lden hamsters were 
studi ed. The animals were fem ales, 8-1 0 weeks old at the begin-
nin g o f the experiment. They were housed 10 per plasti c cage 
and given a pell eted di et and water ad libitum . , 
T he chemica l used was 7, 12-dimethylbenz[ a Janthracene (D MBA ) 
from Aldri ch C hemical Co . (Milwaukee, Wisconsin), as well as 
pho rbolm yristate acetate (TPA) (Midland Corp ., Fairlawn, New 
York) in acetone solution. The dose was: D MBA 30 f-Lg (mice) 
o r 200 f-Lg twi ce a week for 30 weeks, o r DMBA , 100 f-Lg fo ll owed 
by TPA 3.2 f-Lg twice a week for 30 weeks (mi ce onl y). 
For th e treatment, approxi mately 1 sq uare in ch of skin on the 
back, immedi ately below the neck, was shaved w ith an electric 
clipper and was subsequ entl y kept free of hair by cl ippin g with 
scisso rs. The chemi ca ls were placed on the shaved area w ith a 
dropper. 
The animals were checked weekly and the tum ors recorded. 
They were kill ed at ce rtain interva ls, w hen moribund , o r were 
left to die spontaneously. Al l anim als were g iven co m plete au-
topsies and sections of all skin les ions as well as of organs w ith 
gross abnorm aliti es were studi ed. Formalin- fixed , paraffin-
embedded sections were stained w ith hematoxy lin and eos in , 
Alcian blue, o·r Masson's, Krey berg's, Go m o ri 's, Weigert's , nin-
hydrin, l11 eth ylg reen-pyron ine, and Ladewigs stains, as well as 
other sta ins w hen needed. The number of specimens is shown in 
Tab le I, as is the staining pattern . Periodic acid-Schiff stai nin g 
and silver stains were also used in so me cases for visualiza tion of 
the base ment membranes . The lesions we re cl ass ified using stan-
d~rd hi s topa ~hologi c criteria [4] . 
Antisera Antisera to the 7- coll agen domain of type IV col-
lagen and frag ment P1 of laminin were raised in rabbits as de-
scribed previously, however, using E HS sa rco m a tissue for an-
tibody production [6,12, 13J . T he antibod ies were purified by 
immunoa bsorpti on with re leva nt antigen coupled to Scpharose 
4B . The laminin antibodies were cross-a bsorbed w ith 7- S co ll agen 
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Table I. Number o f Types of Speci mens and T heir 
Sta ining Pattern 
Number of Specimens 
Continuity of 
Type of Lesion Mice Rats Hamsters BM Staining 
Normal skin 20 lB 5 + 
Ca rcinogen- treated skin 15 17 4 + 
Dysp lasia 6 7 1 + 
Papi lloma 8 4 2 + 
Keratoacanthoma 2 3 0 + 
Squa mous cell carcinoma 5 3 U +/-
Basal ce ll ca rcinoma 1 7 () + /-
Hair nevi 2 2 I + 
T richoadenoma 1 0 +/-
Trichofolliculom3 0 2 1 +/-
T ri choepithelioma 1 2 I +/-
Ca rcinosa rcomas 4 2 0 +/-
Key: + = continllo lls. - = di scolltinuou s or absell t. 
and vice versa, and there was no cross-reactio n between the 2 
ant ibodies in the radio immunoassay. Rabbit antibo dies to hum an 
fac tor VlII were purchased from Dako-lml1lunoglobulins A /S , 
Copenh agen, Denmark . 
Immunoperoxidase Staining For the immunohistochemi cal 
studies, the a vidin-biotin modifi ca ti on [14] of the peroxidase-
anti perox idase m ethod was used . Paraffin section s 5 J.Lm thick 
were deparaffini ied and trea ted with 0.4% peps in (M erck, 
Darmstadt, F.R.G.). Endogenous perox idase were blocked by 
in cubat in g w ith H 20 2. The section s were success ively treated 
w ith rabbit antibodies; bio tin ylated antirabbit immunoglobulin 
(Vecto r Laboratories, Burlinga m e, Ca lifo rni a), dilution 1: 500; 
avidin (Vecto r), dilution 1: 1 000; and biotinylated ho rseradish 
perox idase co mplex (Vector). The peroxidase rea ction was per-
fo rm ed using 3,3 ' -eth ylcarbozole (Sig m a C hemica l Co. , St. Louis , 
Misso uri) as a substrate. 
Electron Microscopy Fresh tiss ue was fi xed in 3% glutaral-
dehyde in phosphate buffer pH 7.4, postfi xed in 1 % osm ium 
tetroxide in the sa me buffer, dehydrated, and embedded in Epon. 
O ne-mi cron sectio ns were cut and stained w ith 1 % toluidine blue 
for o rien tation by light microscopy. Ultrathin sections were stained 
w ith uranyl ace tate and lead citrate and examined with a Jeol JE M 
100 B electro n mI croscope . 
RESULTS 
A sin gle dose of DMBA follow ed by TPA produced a regular 
epiderm al hyperplas ia with an increased number o f regular sq ua-
m ous cells. Antise ra to collagen IV and laminin showed a fi ne, 
continu o us band beneath the squam ous epithelium and around 
the follicular stru ctures (Fig 1) . Simil arly to normal m ouse skin , 
a fine band of positive stainin g was also found benea th th e ca p-
illary endothelium , w hereas the dermis showed no reactivity. 
Continuous carcinogen trea tm ent caused desq uama tion of the 
epiderm al surface w ithin a few days, w ith disintegratio n of the 
gra nular cell layer and derm al inA ammation . In mi ce and rats 
given hig h doses of DMBA an ulcer formed w ithin a few days, 
occasionall y reachin g the dermis, wi th complete destruction of 
the hair follicl e and sebaceous g land. T he ulcer healed in all the 
anim als despite continued carcinogen trea tment. Base ment m em-
brane stru ctures we re visuali zed on ly in th e vessel w all s (Fig 2) . 
In specimens taken 5-6 weeks afte r the start of the experiment, 
the epiderhlis consisted of an increased number of regularly lay-
ered cells w ith preserved cell bord ers and regul ar nuclei. The skin 
specimens w ith inAammation contained numerous m ononucl ear 
cell s in a subepithelial position. Coll agen type IV and laminin 
were m ostl y well preserved in these specimens, in a distinct nar-
row subepitheli al band , except fo r areas w ith inflammatory cell s 
in close contact w ith the sq uamo us epithelium , where focal dis-
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Figure 1. Basement structures in DMBA-treated rat skin showing a 
distinct line at the derm al-epiderm al junction and around the hair follicles, 
blood vessels, and sebaceous glands. Collagen type IV , x 180. 
integrations and disappearance occurred (Fig 3). The coll agen t ype 
IV-positive homogeno us band in these foci was seen in th e form 
of small, narrow strands in the stroma. 
The carcinogen-induced ea rl y cutaneous altera tions commonly 
in vo lved th e hair follicle , ea rl y destructive changes of the supra-
fundibul ar portion of the hair follicle causing focal disappearance 
of th e BM structures. The cells of the reparative stage were ep-
idermal in nature, graduall y proliferating with a distinct BM. 
Later proliferation of the suprainfundibular parts with obliteration 
of the orifice of the hair follicle caused the appearance of papil-
lo m atous hyperplasia. The BM structures in these areas appeared 
to be preserved w hen studied w ith a laminin or collagen IV stain 
(Fig 4). Proliferation of cells from the infundibular part of the 
hair follicle w ith basa l cell character was relatively common in 
the rats, w hil e the epithelial atypia which ensued later w as ac-
companied by partial multiplication and partial disinteg ration of 
th e BM (Fig 5) , w hich was seen also in electron microscopy (EM) 
(Fig 6). Keratoacanthomas showed a m ostl y well-preserved BM , 
however, also occasionally epithelial extensio ns devoid of colla-
gen type IV or lam in in-positive m aterial. 
The squamous cell carcino m as both in rats and mice were mostly 
well differentiated (Fig 7) with partly preserved BM , although 
EM revealed extensions into the dermis . Moderately differen-
tiated tum ors consisted of cell s partly surrounded by BM struc-
tures (Fig 8), while the undifferentiated tumo rs showed scanty 
BM structures in the tUlllor tissue itself (Fig 9) . EM failed to 
reveal a BM around m ost squamous carcino ma cells . In the mixed 
carcinosarcomas the epitheli al cell s produced sufficient BM to 
separate the 2 components. 
The ca rcinogen-induced tum ors in the rats were frequentl y 
simple or undifferentiated basal cell tumors COillposed of cells 
w ith a large oval or elonga ted Ilucleus and poorly defined cyto-
plasm. The cells were arranged in a solid islet, occasionally w ith 
distin ct palisade arrangem ents of their nuclei. Certain tumors 
Figure 2. Ca rcinogen-trea ted rat skin with accum ulations of lympho-
cytes, plasma cell s, and leukocytes in the dermis and vessel walls delin-
eated by distinct collagen IV activity. Collagen type IV, x 180. 
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Figure 3. Partl y prese rved BM at the derma l-epidermal j unction w ith 
foca l des truction in a reas in vaded by lym phocytes in rat ski n (a rro I/lS). 
Collagen type IV, x 360. 
showed differentiatio n into a basa lo id cell type :lJ1d a sq uam ous 
cell type in the sa me tum o r. T he con nective tiss ue sur roundin g 
the tum o r pro liferated together w ith the appearance of m ll cin. 
The BM was cl ea rl y visible in th ese areas, w ith laminin and 7S 
collagen eviden t at the epitheli al/s tro ma l jun ction (Fig 10). So m e 
basal cell ca rcino m as cons isted of undi fferenti ated nests and co rds 
of tum o r cells surro unded by a fibrous stro m a. Frag mentati on 
and dis ruptio n of the BM was co m111 o n at the epithelial/stromal 
j un ction in these tumors. Large ga ps in the BM were fo und upon 
stainin g for lam inin or collagen IV (Fi g 11 ). T he epidermal and 
ca pillary BM were positi ve for both lam inin and 7S co llagen in 
every specim en, while th e control specimens we re negative. 
The hair fo llicle-derived lesions, w hich were hamartomas, 
comprised cys tic hair follicl es and hair fo ll icle nev i. They showed 
crowdin g of numerous tin y m ature fo lli cl es each w ith a distin ct 
preserved B M . The tri chofo lli cul omas consisted o f keratinized 
s inuses in to whi ch dozens o f abortive hair roo ts had entered from 
all sides . Some of these produced a rudim entary m atrix while 
others formed an inner root shea th . The tri choadeno mas consisted 
of solid ep itheli al m asses and lines surro und ed by a partl y intact 
EM, w hile the trichoepithelio m as had solid co rds ofbasa lo id cells 
as well as cystic structu res w ith a hai r fo lli cle-li ke config urat io n 
surrounded by a partly preserved BM . Some of the tumors in-
cluded po lymorphic varieties wi th irreg ular epithelial cell cords, 
s trands, cysts , and solid parts wi th partl y dis continuous and ir-
regular BM stru ctures (Fig 12). Electro n microscopy studies also 
showed an absence of the lamin a densa in th e subepiderm al po-
s ition. 
DISCUSSION 
As shown here, the integrity o f the BM was preserved in beni gn 
condi tions, des pite aggressive carcinogen trea tm ent res ulting in 
severe injury to th e skin at the ea rl y stages. BM sy nthesis takes 
place in the epi theli al cel ls f1 0, 11 /, w hi ch appa rentl y soon regain 
their BM-pro du cin g capacity after mi g rat io n in to th e injured area. 
Figure 4. H yperp las t ic rat ep idermis w ith a dis tin ct BM . Collagen type 
IV, X 180. 
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Figure 5. E pidermal cell atypia in mouse skin w ith a d isti nct BM. Col-
lagen type IV. x 360. 
In wo und hea lin g in hum ans /15] and mi ce [J 6] lamina densa is 
fo rmed at the epiderm al-dermal interface by mig rating epiderm al 
cell s. Species, strain , and tiss ue specific ity of BM-component 
antisera /1 7J did not affect the res ults in this stud y, althoug h as 
shown elsewhere the specificity ofB M anti sera is frequentl y over-
looked [1 8] co mplica tin g the interpretation of the results. Species 
speci fi city for laminin is less distinct th an for collagen type IV 
117, 18]. 
E piderm al atypia is characte ristic of continuous ca rcinogen 
trea tm ent [1]. w ith a retained basement membrane no ted here. 
Studies usin g antibodies agai nst bu ll ous pemphigoid in cervical 
dysplas ia also fai led to d isclose any BM d isruption in cases of 
dysplas ia o r in situ ca rcino m a [1 9 /. Alteratio ns in BM stru cture 
detectab le by EM have been repo rted in in situ ca rcinoma of the 
cervix 120 / and in squam ous cell ca rcino m as of the ora l cav ity 
[21] and bladd er 122]. In this study the BM in epidermal atypia 
was in tact , even thoug h the epidermi s, w ith severe cy to logic 
alterations, had su ffered foca l di sruption indicative of early mi-
croin vasion, as also seen in the hum an skin by Barsky et al [23 ]. 
In cutaneous basa l cell carcin omas studied by morpho logic 
m eth ods /24,25] and immuno histochemistry [24-28] the BM is 
continu ous and distin ct in non fibrosin g tum ors, but indistin ct o r 
discontinuo us in fibros in g basocellul ar ·ca rcino m as /28J. T here 
also see ms to be a selective lack of the bullous pemphigoid antigen 
in the B M aro und basa l cell carcin o m as th at distinguishes them 
from o ther types of skin tum o r [25J. In o ur study the preservation 
of BM structures in basa l cell carcinomas va ried , being frequently 
well preserved , although some tumors were co mplete ly devoid 
of laminin and collagen type IV. Some hum an benign ad nexa l 
tumors were partly devoid of BM stru ctures [29J, seen also in 
this stud y in experimental tum o rs. 
T he preserva tio n of the BM is generall y rega rded as the m ain 
criteri on fo r di sting uishing a ca rcinoma in situ fro m an in vasive 
ca rcinoma, althou gh the nature o f BM d isrupti on and destructio n 
Figure 6. High-power view of carcinogen-trc3tcd m Ollse skin showing 
a pro liferation of electron-dense stru ctures in the lamina densa. Urany l 
acetate/ lead citrate. X 10,000. 
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Figure 7. A well-differentiated squamous cell carcinoma in rat skin. 
mos tl y with preserved EM. Coll agen type IV. x 360. 
Figure 8. Moderafely wel l-di ffe rentiated sq uamous cell ca rcinoma in rat 
skin with epithelial islets partiall y surrounded by EM . Collagen type IV , 
x 360. 
Figure 9. An undifferentiated squamous ce ll carcinoma of rat skin show-
ing E M structures in tum or tissue and vessel wa lls. Coll agen type IV , x 
360. 
is still on ly partl y understood [6]. The BM has been shown to 
be altered in mali gnant neo plas ms, e.g., in tumors of the cervix 
[1 8]. endometrium [30]. ovary [31]. as well as UV-exposed hu-
man skin (32) . The ca uses of BM deficiency may be insufficient 
production in the case of anaplastic malignant tumors, as the cells 
are gea red to multiplication rather than differenti ation or specific 
functi ons, such as BM production. Degree of differentiation is 
related to BM production [18,30-32]. In our study BMs were 
lacking in invading tumors, frequently but not consistently as-
sociated w ith inflammation . Adequ ate synthesis but excessive 
breakdown may be the cause in inflammatory conditions since 
inflammatory cells are capable of di gestin g BMs [23]. In benign 
hair follicle tumors the reason may be lack of producing, even 
th ough the tumors are otherwise benign, while ano ther possibility 
is lack of accumulation of BM mate rial in suffi cient amounts to 
be visible by the staining procedures used. The most important 
cause for the absence of BM at the in vasive fronts of many skin 
tumors stems from loca l dissolution by the tum or cell s them-
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Figure 10. A basal cel l carcinoma in rat skin composed of tightly arranged 
basal cel ls with preserved EM. Lamina, x 360. 
Figure 11. A rat basal cell carcinoma w ith partia l disintegration and 
destru ction of the EM. Vessel wa lls positive. Laminin , x 360. 
Figure 12. A trichoepithelioma in rat skin w ith laminin-positive EM in 
some areas, bllt mostl y lacking. Laminin , X 180. 
selves. This has been shown to occur in malignant neopl as ms in 
many organs, i.e., breas t, lung, and cervix as well as in cell culture 
[6,7,23J. 
lntraepitheli al EM structures were not infrequent findings in 
the present study. In hi ghly malignant undifferentiated tumors 
th e cell s lose their ability to recognize the proper site of deposition 
for BM constituents and act in an uncontrolled manner. This has 
also been observed in human basal cell carcinomas [33]. mammary 
adenocarcinomas (34), as well as other malignant tumors [1 8,30-32]. 
Why intraepithelial BMs are formed is not fu ll y clear; some of 
th ese may derive from vessels o r other supportive structures. The 
findin g of coll agen type IV and laminin within the tumor tissue 
itself in this study is contrary to the concept of the EM as a barrier 
between the ep ithelium and stroma, requiring both components 
for orderly production, and casts some doubt on its role as an 
antitumora l barrier. The absence of a specifi c relationship between 
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BM production and surrounding structures in anaplas tic tumors 
may depend upon the lack of differentiation of tumor cells and 
their inability to recognize surrounding tissue components . 
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